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Antagoniści kanału wapniowcgo — ich miejsce w obecnej praktyce lekarskiej 


INTRODUCTION 


Calcium channel antagonists (CCAs) represent a vast heterogeneous group of chemical 
compounds in terms of their structure and pharmacological profile. This is a relatively new class 
of drugs introduced to clinical practice barely half a century ago. From a molecular perspective 
all CCAs share a common property of blocking the L-type voltage- dependent calcium channels. 
Interestingly, data regarding inhibitory effects on other types of calcium channels (N, P/Q, R, T) are 
available for several CCAs [1]. On the basis of chemical structure 6 different classes of CCAs have 
been identified [2]. 

Although L-type calcium channels are distributed throughout various tissues, the effects of CCAs 
are expressed to the greatest degree within cardiovascular system [3]. For this reason they are widely 
used in cardiology. Cardiac pathology does not exhaust the list of clinical indications however. Other 
diseases calling for treatment with CCAs are quite diverse and go well beyond cardiovascular system 
dysfunction [4-7]. Major indications for CCAs are discussed below. The examples of commonly used 
CCAs and their therapeutic applications have been highlighted in Tab. 1. 


36 M. Trojnar, Z. Kimber-Trojnar, J. Mosiewicz 


Table |. Examples of therapeutic applications of calcium channel antagonists 


coronary artery discase 
ventricle rate control 
verapamil supraventricular arrhythmia 
pulmonary arterial hypertension variant angina 
cluster headaches and mood disorders 


amlodipine 
lacidipine 
nitrendipine 


arterial hypertension 
variant angina 


nifedipine threatened preterm labor 


nimodipine subarachnoid hemorrhage 


coronary artery disease 
ventricle rate control 
supraventricular arrhythmia 
variant angina 


diltiazemu 


epilepsy 


flunarizine TERA 
migraine 


brain ischaemia 


cinnarizine ae 3 
Meiniere’s disease 


ANTIHYPERTENSIVE TREATMENT 


CCAs have been recognized as first-line therapy in arterial hypertension according to the 
guidelines approved by the European Society of Cardiology in 2003 [8]. In this respect CCAs are 
considered equal to other classes of antihypertensive drugs. Their hypotensive effect is most potent 
in case of class If CCAs. However, the potential to stimulate adrenergic nervous system in response 
to vasodilatation has limited the use of short acting agents i.e. nifedipine in clinical practice. In 
randomized trials this drug was proved to increase the incidence of unstable angina, myocardial 
infarction and the risk of death [9, 10]. Accordingly, long acting agents, e.g. amlodipine, lacidipine 
and felodipine are now favoured in antihypertensive treatment as they have no effect on noradrenaline 
serum concentrations and reactive tachycardia [11]. These drugs are especially useful in the elderly 
as no orthostatic hypotonia is observed. Moreover, they are considered optimal for treatment of 
isolated systolic arterial hypertension, often diagnosed in this patient population |12, 13]. 

Biological effects of CCAs include a considerable increase in coronary blood flow as well as 
a distinct decrease in overall heart muscle contractility resulting in improved left ventricle relaxation. 
These reactions are most pronounced for class I and class II] CCAs, which may be gencrally 
considered an alternative to beta-blockers in case of contraindications for the latter, e.g. bronchial 
asthma [8, 14]. The well documented clinical trials APSIS and TIBET proved significant anti- 
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ischemic efficacy of CCAs. As far as management of stable angina is concerned the results obtained 
were comparable to those of beta-blockers [15, 16]. A further metaanalysis of 28 randomized 
trials involving approximately 19 thousand patients documented the positive therapeutic effect of 
theses drugs in patients with myocardial infarction in history |17]. CCAs are especially effective in 
Prinzmetal’s or variant angina, which is associated with coronary artery spasm [14]. It is important to 
Stress, however, that due to the aforementioned significant negative inotropic effect, CCAs should not 
be used in patients presenting heart failure symptoms. Otherwise further progression of the ventricle 
dysfunction may result. Verapamil is believed to be more affiliated to cardiomyocytes than diltiazem, 
which explains its stronger cardiodepresive effect [18]. 


CALCIUM CURRENT BLOCKADE AND ARRHYTHMIA 


Inhibition of calcium ion efflux into the pacemaker cells results in the marked shortening of 
the action potential duration, impairs impulse conductance in atrio-ventriular junction as well as 
prolongs the repolarization phase. Re-entry phenomenon is also known to be limited during treatment 
with CCAs. This profile of action justified the use of the discussed drugs as anti-arrhythmic agents, 
which are categorized as the fourth group according to Vaughan William’s classification [19]. The 
anti-arrhythmic properties are associated with cardioselectivity, which refers especially to class | and 
class II] CCAs [20]. Verapamil is widely used to target supraventricular tachycardia, although its 
effect in paroxysmal atrial fibrillation is limited. In chronic atrial fibrillation verapamil and diltiazem 
are safe and efficacious in control of ventricle response, however |14]. Some authors reported 
the important role of T-type calcium channel blockade in a more sustained effect to prevent atrial 
electrical remodelling [21]. Ventricle arrhythmia represents a contraindication for cardioselective 


CCAs unless it is of ischemic origin. 
HEMODYNAMIC EFFECTS 


In pulmonary arterial hypertension CCAs are known to be one of few groups of medications 
effective in control of this disease. To ensure optimal results the pulmonary vascular resistance test 
during cardiac catheterization is necessary prior to pharmacological treatment [4]. Diltiazem and 
Nifedipine are used most often although dosage varies in individuals and usually exceeds considerably 
daily doses prescribed in angina. 

CCAs are thought to prevent cardiac remodeling. This phenomenon is linked to the blockade 
of T-type calcium channels and does not appear equally clinically significant as with angiotensin 
Converting enzyme (ACE) inhibition [22, 23]. 


CALCIUM CHANNEL ANTAGONISTS AND CIRCULATORY DYSFUNCTION 


Another important clinical indication pointing to CCAs as the optimal treatment strategy includes 
Circulatory dysfunction of central nervous system or peripheral vessels as seen in Raynaud's syndrome. 
Syst-Eur prospective randomized study targeting nitrendipine demonstrated a significant reduction in 
Stroke in elderly patients with isolated systolic hypertension compared with placebo [24]. Nimodipine, 
which has a more marked effect on the cerebral circulation than on the peripheral circulation, is used in 
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the management of subarachnoid hemorthage. Although the mechanism of action is not fully understood, 
current evidence suggests that it may result from an increase in collateral circulation due to dilation of the 


small cerebral resistance vessels and/or prevention of calcium overload in the neurons [7, 25]. 
ANTI-ATHEROMATIC PROPERTIES 


There is an ample body of experimental data to suggest that CCAs can also play a significant 
role in inhibiting progression of athcromatic plaques [26]. In humans this effect was observed in 
carotid arteries. However, no evidence to back up this hypothesis with respect to coronary arteries 
has been produced. Results of several large clinical studies i.e. PREVENT, NICOLE, ELSA have led 
various authors to the conclusion that significant decrease in the incidence of coronary episodes can 
be associated with treatment based on amlodipine, nislopidine and lacidipine [27-29]. 


EFFECT ON SMOOTH MUSCLE TISSUE 


Since CCAs present potent myorelaxing effect on smooth muscle tissue they have been used to 
manage reflux disease and threatened preterm labor [5, 30]. In obstetrics, nifedipine is considered 
a very effective agent limiting uterus contractions regardless of the aforementioned potential serious 
adverse effects identified for this drug. Considering young age of pregnant women and short-term 
administration of nifedipine, such an approach is believed to be safe and well tolerated [5]. 


NEUROLOGICAL CONDITIONS 


Further clinical indications for use of CCAs involve treatment of chronic and neuropathic pain. 
The growing number of recently described agents that selectively target neuronal calcium channels 
appear promising for a variety of pain conditions {1, 31, 32]. Flunarizine and nicardipine can be 
effectively used in prophylaxis of migraine preventing reactive vasodilation by inhibiting the 
vasoconstriction during the prodromal phase [33]. Moreover, cluster headaches and mood disorders 
seem to be controlled to some extent with verapamil [34]. 


CALCIUM HOMEOSTASIS AND EPILEPSY 


The fundamental role of calcium in both physiological and pathological activity of central 
nervous system explains promising results obtained in preclinical experiments focusing on CCAs in 
epilepsy. It is hoped that limiting entry of calcium ions into neurons will inhibit epileptic discharges 
in the brain [35]. Interference with neuronal calcium overload can also prevent the well known 
sequence of events including oxidative damage and cytoskeletal degeneration [36]. The resulting 
death of neurons is believed to be thus limited. 

Available animal experiments indicated significant antiepileptic properties of flunarizine [6]. 
Other CCAs positively responding in electrical tests and chemically-induced convulsions included 
nitrendipine, nicardipine, nifedipine, niguldipine and nimodipine [37-39]. 

Impact of CCAs on epilepsy management is currently subject of debate since data obtained from 
numerous experiments are conflicting. Clinical trials have not provided consistent insight into this issue 
either. Overweg et al. reported a significant reduction in complex partial and tonic-clonic seizures, 
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which was documented in a placebo controlled clinical trial with flunarizine [40]. Another trial, by 
contrast, documented very low effectiveness of flunarizine in terms of antiepileptic effects [41 ]. 

The experimental evidence produced to date suggests that CCAs have unbalanced effects on 
antiscizure properties of antiepileptic drugs. It has been demonstrated that combining antiepileptic 
drugs with several CCAs displayed significant anticonvulsant effects in experimental models of 
epilepsy |37, 42-44]. Some authors, however, observed no such protective effect for other CCAs. 
l'urthermore, Borowicz et al. pointed to a potent proconvulsive action for concomitant administration 
of niguldipine with carbamazepine or phenobarbital in amygdala-kindled rats [45]. 

The beneficial antiepileptic effects of add-on treatment are at present evaluated following initial 
Promising reports of their anticonvulsant action in experimental animal models of epilepsy and pilot 
Studies in human epilepsy. From a clinical perspective, however, results obtained in the preclinical 
Phase seem to indicate that combining different anticpileptic agents is more beneficial than focusing 
on concomitant treatment involving antiepileptic drugs and CCAs. 


EFFECT ON INFLAMMATORY REACTIONS 


There has also been some concern with respect to anti-inflammatory properties of CCAs. These 
drugs are considered to play a certain role in the synthesis and release of chemical mediators of 
inflammation. The experimental studies in animal models have recently demonstrated the inhibitory 
effect of this group of medications on the overall inflammatory response [46, 47]. 


CONTRAINDICATIONS AND SIDE EFFECTS 


CCAs are subject to certain limitations in clinical practice. The most important contraindications 
include heart failure, hypotonia, bradycardia, sick sinus syndrome, second- or third degree 
atrioventricular block, ventricular arrhythmia as well as atrial flutter/fibrillation coexisting with 
Preexcitation syndrome, ¢.g. Wolff-Parkinson-White, Lown-Ganong-Levine syndrome |14]. The 
Majority of available CCAs are contraindicated in pregnancy although nifedipine and verapamil are 
Considered safe and can be used to control arterial hypertension in pregnant women, preferably in 
Second and third trimester. CCAS are transferred to brest milk and therefore they should be discontinued 
during lactation. With respect to polytherapy and possible drug interactions it is important to point out 
the risk of concomitant treatment when combining beta-blockers and CCAs. Due to the cumulative 
cardio-depressive effect systolic ventricle dysfunction is likely to develop [12]. 

CCAs are considered safe and generally well tolerated if the contraindications mentioned above 
are observed. Depending on the class of the CCAs used, the most common adverse effects include 
ankle edema and flushing episodes (dihydropyridine derivatives), nausea and constipation (diltiazem, 
Verapamil) as well as sporadic extrapyramidal symptoms (cinarizinne, flunarizine). Interestingly, 
Pedal edema was reported in up to 30% of patients treated with amlodipine while remarkably lower 
Percentage of patients was affected in lacidipine or lercanidipine groups [48, 49]. This symptom 
is associated with dilatation of arteries and increase in hydrostatic pressure leading to activation 
Of rennin-angiotensin-aldosteron axis. Impairment of local autoregulation reflexes and excessive 
adrenergic nervous system activation were also thought to play a certain role [49]. Considering the 
Outlined pathomechanism, combining CCAs with ACE inhibitors seems a reasonable therapeutic 
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approach, which is associated with a marked increase in tolerability. Less common side effects are 
allergic reactions, gingival hyperplasia and myopathy. Earlier data raised the possibility that CCAs 
might be associated with an increased risk of cancer [50]. According to more recent findings prior 
observations may have reflected the presence of other risk factors for cancer, such as increased 
cigarette smoking or alcohol use among people with cardiac disease treated with CCAs. Another trial 
demonstrated that the incidence of adverse effects such as cancer, gastrointestinal hemorrhage and 
dementia, which have been associated with the use of CCAs, did not differ between the control and 
active groups during the double-blind trial or during the extended follow-up period [24]. 


METABOLIC PROFILE 


Numerous studies have indicated that certain classes of antihypertensive medications present 
differential influence on carbohydrate and lipid metabolism in humans. CCAs are neutral in this 
respect. The use CCAs is not associated with the risk of new-onset diabetes, which has been proved 
for diuretics and beta-blockers [51]. Some reports suggest a beneficial effect of CCAs on lipid 
metabolism as well. 


CONCLUDING REMARKS 


In conclusion, it should be underlined that CCAs represent a versatile class of medications 
that are useful in the treatment of a broad spectrum of medical conditions. Thanks to sophisticated 
methods of synthesis these drugs have undoubtedly evolved in recent years but at the same time the 
older generations are still prescribed by physicians quite often. Considering the vital role of calcium 
ion in cell metabolism, further research will probably identify new indications for CCAs. 
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ABSTRACT 


Calcium channel antagonists (CCAs) represent a versatile class of medications that are commonly 
used to manage a relatively broad spectrum of clinical conditions. The initial reports regarding their 
Significant role in clinical practice date back only a few decades. The aim of this review was to collect 
Current literature data on indications for the use of CCAs. Results obtained from randomized trials are 
referred to in this paper. The impact of CCAs on cardiovascular system is discussed thoroughly, less 
common medical situations justifying the use of CCAs including peripheral circulation dysfunction 
and epilepsy are reported as well. 


STRESZCZENIE 


Antagoniści kanału wapniowego (AK W) stanowią heterogenną grupę leków, które sąpowszechnie 
Stosowane w różnych stanach klinicznych zaledwie od kilku dekad. Celem niniejszej pracy było 
zebranie aktualnych danych literaturowych dotyczących wskazań do stosowania AKW. W artykule 
Przytoczono obiektywne wyniki uzyskane w dobrze udokumentowanych randomizowanych 
badaniach klinicznych. Dodatkowo autorzy w szczegółowy sposób omówili wpływ AKW na 
czynność układu sercowo-naczyniowego, a także odnieśli się do rzadszych wskazań uzasadniających 
zastosowanie AKW, takich jak zaburzenia krążenia obwodowego czy padaczka. 
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